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Figure 1 — Antarctica today. The Amundsen-Scott Base at the South Pole is occupied year-round in a program managed by the United 
States’ National Science Foundation. Visitors come from many countries, some of which also have Antarctic research bases. Carsten 
Borchgrevnik first wintered over in 1899-1900, but continuous habitation didn’t start until the establishment of the Australian Mawson Base 
in 1954. While 16 years have passed since the last explorers left the Moon, the lunar base concept offered here is intended to minimize 
the cost and lead time for a meaningful return to the Moon. Photo: T.C. Swartz 


A Lunar Polar Expedition 


Part 2 


Editor’s Note: The following is the conclusion of an excerpt from Paper No. LB-88-055 presented by the authors at the 
second Symposium on Lunar Bases and Space Activities of the 21st Century, sponsored by the National Aeronautics and 
Space Administration, the American Institute of Aeronautics Astronautics, the Lunar and Planetary Institute, the American 
Geophysical Union, the American Nuclear Society, the American Society of Civil Engineers, the Space Studies Institute 
and the National Space Society, 5-7 April 1988 in Houston, Texas. Work on this concept has been sponsored by the World 
Space Foundation. 

In the prior issue (Foundation Astronautics Notebook — 28) the importance of having a small team “winter over” in 
Antarctica was outlined, and a loose analogy was drawn between Antarctic and lunar exploration. A proposed lunar north 
polar site was described at the intersection of the rims of craters Peary and Polaris. Primary features of base design were 
noted. 

A limited number of copies of Part I are available to Foundation Associates who joined after it was mailed. To obtain 


a copy, please send us your name and address with a note asking for a copy of Notebook #28. 


Mission Profile 


The missions required to establish the lunar base 
actually begin with a series of automated precursor 
spacecraft used to pinpoint the base location and to 
certify the nearby landing sites for cargo and crew. 
Only after site selection and certification is complete 
will the first cargo be launched in an automated 
vehicle. Once all the cargo has landed safely, the crew 
will be sent from Earth to land and establish the base. 
If all goes well, they will return after a year, leaving be- 
hind the core of a facility which could expand and ac- 
commodate other crews, becoming the nucleus of the 
first permanent outpost on the Moon. 


Two years before the crew is to arrive, two or 
three automated precursor missions are launched to 
survey the base site. If the Lunar Geoscience Orbiter 
(LGO) [1] has already flown, its imaging data will have 
allowed the selection of a site having nearly continuous 
illumination. The location of this site would then be 
known to within about 100-200 m (110-220 yds), which 
is accurate enough to select a base location based on the 
best illumination conditions. However, unless the 
LGO imagery has close to 1 m (3 ft) resolution, the im- 
ages may not show sufficient detail to target the various 
landers required to set up the base. Using LGO im- 
agery, a Ranger-style Imaging Impact Probe (IIP) will 
be targeted to the center of the selected base area to 
return 1 m or better resolution imagery [2]. If the 
LGO carries an infrared thermal radiometer, a polar 
temperature map, while not essential, will be available 


to assist in locating “cold traps” caused by permanent 
shadow. 

If the LGO has not flown, a somewhat simpler 
Lunar Imaging Polar Orbiter (LIPO) may be required 
to perform a polar lighting survey over one lunar day 
(approximately 28 Earth days) when the Sun is at its 
minimum elevation angle of about 1.5 degrees below 
the ideal horizon as seen from the north pole. (The 
ideal horizon would be the real horizon if the Moon 
were a perfectly smooth sphere. As described in Part 
1, certain crater rims near the north pole may be per- 
manently illuminated because they are thought to be 
high enough above the mean surface of the Moon for 
the Sun to remain above their real horizon.) 

If flown, the LIPO would follow the original LGO 
mission profile, carrying only the 11 kg Geodesic Im- 
ager (an instrument proposed for the LGO) or a 
similar instrument and associated support subsystems. 
Further work will ascertain whether existing Lunar Or- 
biter imagery is adequate to select a north polar base 
site. Existing data is adequate only if it proves suffi- 
cient to target the IIPs and to assure that a properly lo- 
cated solar panel tower of a given height will be in 
shadow for no more than about ten hours per lunar 
day. 

Each IIP carries with it four hard-landing naviga- 
tion beacons with plastic sheet impact markers and 
strobe lights synchronized to the IIP cameras. About 
20 minutes before impact, these heavily cushioned 
navigation impactors are ejected ahead of and radially 


away from the IIP with velocities adequate to keep 
them clear of its path [3]. This assures their impact 
points will be visible (see Figure 2) within several im- 
ages of the IIP. Upon impact, they begin transmitting 
navigation test signals which are measured during the 
last seconds of the IIP flight. The results are relayed 
to Earth. The navigation impactors then shift to a low- 
power standby mode, to be activated by an incoming 
Autolander, which requires two operating beacons to 
guide it. 

A rudimentary rover having a range of perhaps 10 
km could supplement or replace the navigation impac- 
tors. It could be landed within the target area to per- 
form a detailed imaging survey and place several 
navigation beacons at locations correlated with the IIP 
imagery. While it would be helpful, such a rover is not 
essential. Two redundant IIP/navigation impactor mis- 
sions are the recommended alternative, being much 
less costly than a rover. 


Within a year after the IIP precursor, a com- 
munications relay orbiter is placed in polar orbit to 
verify the navigation beacons and monitor the 
Autolander landings and the integrity of their cargo. 
Shortly afterward the first of four cargo missions is 
launched on a heavy lift vehicle, with subsequent loads 
landed at three-month intervals. Approximately 30 
tonnes of base equipment, shelters, consumables, etc. 
are landed in four Autolanders prior to the crew’s ar- 
rival. Each Autolander is guided to within 50-100 m of 
its chosen landing site using its onboard control system 
and the navigation beacons. In this manner they may 
be dispersed in the base area to eliminate interference, 
especially in the event of a failure. 


When all four cargo loads are down and their in- 
tegrity verified using onboard sensors, the base crew of 


Figure 2 — Four navigation beacons separate from an Imaging 
Impact Probe. Each deploys a large colored marker upon im- 
pact and transmits a navigation signal. A strobe light on each 
will show their locations. Art: Michael R. Draper. 


five is launched aboard the Shuttle or other crew 
transport into a low parking orbit. Then an automated 
heavy launch vehicle launches the crew’s Earth depar- 
ture stage with its payload of the command service 
module and crew lander into a nearby orbit. The Shut- 
tle executes a final rendezvous and docking. The crew 
transfers to the command module through a tunnel 
carried by the Shuttle, and prepares to disembark. No 
other mission-specific equipment need be carried by 
the Shuttle. 


The crews Earth departure stage superficially 
resembles the larger Apollo Saturn V S-IVB stage with 
the crew lander carried in a shroud beneath the com- 
mand service module. Trans-lunar injection (TLI) 
begins when the departure stage’s cryogenic engines 
are ignited. After shutdown, the command service 
module turns around and docks with the lander. Final- 
ly, the docked command service module/lander is 
separated from the departure stage to begin four days’ 
transit to the Moon. 


Targeted for a 185 km (115 mi) altitude, the com- 
mand service module executes its lunar orbit insertion 
maneuver, placing it in polar orbit with a two hour 
period. Final observations verify the landing site, after 
which the command service module is put into a semi- 
dormant state under ground control. The entire crew 
boards the lander, which then separates from the com- 
mand service module and fires the descent stage en- 
gine to enter a 185 x 15 km orbit, with periapsis (the 
low point in the orbit) about 500 km (310 mi) uprange 
from the landing site. From here the landing essential- 
ly follows the Apollo profile [4, 5], but with the naviga- 
tion beacons assisting the pilots to a precision landing 
[6]. 

Following landing and a brief system check with 
the opportunity to abort back to orbit, the crew, al- 
ready suited for landing, immediately walks to the 
Autolander with the storm shelter, habitation module 
and solar panel packages on board. Power collectors 
are set up as the next order of business, followed by 
other base activities described elsewhere. When it is 
overhead, the relay orbiter can provide a communica- 
tions link with Earth when Earth is below the horizon. 
The orbiter can also relay signals for rovers or crew- 
members some distance from the base site. 

For the return trip, the crew reboards the lander 
and flies to orbit in the ascent stage, executes a rendez- 
vous and docks with the command service module, 
transfers to the command module and discards the 
lander. The command service module fires its propul- 
sion system in the trans-Earth injection maneuver, and 
carries the crew back to Earth. A few hours before 
entering the atmosphere, the command module 


separates from the service module, orients for entry, 
and the command module enters, splashes down, and 
waits for the recovery ship just as with Apollo. All the 
base equipment and remaining consumables are left in- 
tact on the Moon, perhaps already in use by relief 
crews following those who were first to live and work 
there for over a year. 


Vehicle Descriptions 


Heavy Lift Vehicle: All mission vehicles and base 
equipment are launched from Earth by heavy launch 


vehicles. The reference mission described above util- 
izes five such vehicles: four to launch the Autolanders 
and their cargo, one to launch the command service ~ 
module/crew lander combination. All heavy launch 
vehicle launches are crewless since the crew is brought 
to orbit via Shuttle. 

Each of the five lunar base flights constitutes a 
single “launch package” which will be integrated and 
tested on the ground. Payload capabilities are within 
those contemplated for different versions of the 
USAF/NASA Advanced Launch System, as well as for 
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Vehicles and Stages 

EDS = Earth Departure Stage 
SM = Service Module 

CM = Command Module 

CL = Crew Lander 

AL = Autolander 


Maneuvers 

TLI = trans-lunar injection 
LOI = lunar orbit insertion 
LD = landing descent 

LA = landing ascent 

TE! = trans-Earth injection 


Figure 3 — After being brought from the ground by a Shuttle, the expedition crew departs low-Earth orbit aboard a Command Module in a 
manner very similar to the Apollo missions. After reaching lunar orbit, they leave the Command/Service Module combination and descend 
to the surface in the Crew Lander-Descent Stage. To return, the Crew Lander-Ascent Stage brings them up to the waiting Command/Ser- 
‘ vice Module, which carries them back toward Earth. Just like the Apollo crews, they enter the atmosphere in the Command Module to 
finish with a parachute landing. Illustration: Randy Cassingham. 


the Shuttle C and Boeing/Hughes Jarvis. Also, the 
Soviet Energia has adequate capability, as would the 
United States’ Saturn V if it were resurrected. While 
the lunar base could be established using smaller ex- 
pendable launch vehicles and the Shuttle, this would 
result in a very complex ground integration and testing, 
and would probably require orbital assembly. In this 
case, Space Station Freedom might be the logical’ as- 
sembly site, but the required assembly operations could 
interfere with laboratory and observational science 
contemplated for the station. 


Earth Departure Stage: As with the McDonnell 
Douglas Saturn V S-IVB stage (see Figure 4) and the 
General Dynamics Centaur, cryogenic liquid hydrogen 
and oxygen are the propellants of choice because of 
the substantial mass savings compared with storable 
propellants. The same Earth departure stage con- 
figuration performs trans-lunar injection for the 
Autolanders and for the crew-carrying command ser- 
vice module/crew lander combination. 
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Command Service Module: Several configurations 
of vehicles for carrying the crew to and from the Moon 
were considered. The lunar orbit rendezvous techni- 
que which drove the Apollo configuration still appears 
the best within the guidelines of simplicity. Though a 
little cramped, the Apollo command module was 
capable of carrying five people, and was so configured 
in 1974 as a possible Skylab rescue vehicle. Electrical 
and electronic subsystems would be totally redone 
today with a substantial mass saving, but the configura- 
tion, mechanical construction, attitude control and 
recovery subsystems could remain essentially un- 
changed. d 

For all except the last few hours of its mission, the 
command module depends on the service module for 
utilities, consumables, and stabilization. 

Fuel cells would be replaced by solar panels and 
nickel-hydrogen batteries for electrical power. The 
service propulsion system engine could be retained, or 
replaced by.a cluster of four Rocketdyne XLR-132 en- 
gines for redundancy and somewhat better perfor- 
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Figure 4 — The Saturn V S-IVB stage (pronounced “Saturn five S-four-B”) was the second stage of the Saturn IB and the third stage of the 
Saturn V. It utilized liquid oxygen and liquid hydrogen burned in a sengle Rocketdyne J-2 engine. The predecessor S-IV stage utilized the 
same propellants in a cluster of Pratt & Whitney RL-10 engines. Illustration: J.H. Davis. 


mance (the latter is assumed in this scenario). About 
nine days of consumables plus reserves are required to 
support the five-member crew during the time they are 
aboard the command service module. A smaller ser- 
vice module than that used for Apollo is contemplated, 
with a dry mass of 2.7 tonnes carrying 9.4 tonnes of 
propellant. Provisions are made for storing the com- 
mand service module in lunar orbit under ground con- 
trol. Occasional maneuvers are required to maintain 
the orbit and allow readiness for an early return of the 
crew should the need arise. 


Crew Lander: Unlike the Apollo lunar module, the 
crew lander is not required to support the crew on the 
lunar surface or to carry supplies. Before undocking 
from the command service module, the surface naviga- 
tion beacons will have been activated and tested, and 
the integrity of the Autolander payloads (including all 
base equipment and provisions) will have been verified. 
The crew lander can be set down within easy walking 
distance of the Autolanders. Consequently, the crew 
lander will be almost an “open cockpit” vehicle, which 
the crew will board wearing their spacesuits and port- 
able life support systems. 

The unpressurized crew lander will afford thermal 
and solar radiation protection, and possibly an oxygen 
and coolant supply. It is used only to carry the crew of 
five between the orbiting command service module and 
the lunar base. (Note that the Apollo astronauts were 
fully suited during landing, and that the Lunar Module 
could complete a landing in the event of a loss of cabin 
pressure.) 

One option considered was a single stage crew 
lander, which would weigh 19 tonnes. Instead, the 
crew lander consists of the ascent and descent stages, 
which permits an abort at any point of the descent in 
the event of an engine failure. There is also a saving of 
9 tonnes from the single stage option. 

The dry ascent stage is 1.7 tonnes with crew and 
burns 1.4 tonnes of nitrogen tetroxide (N2H4) and 
monomethyl hydrazine in its single XLR-132 engine. 
The fully loaded ascent stage, of course, forms the 
payload of the descent stage, which is powered by a 
single lunar module descent engine burning nitrogen 
tetroxide and Aerozine 50 (50% N2H4 and 50% un- 
symmetrical dimethyl hydrazine). The dry descent 
stage is 1.5 tonnes with 5.2 tonnes of propellant. 


Autolander: All cargo is carried to the base site by 
the 28 tonne Autolanders, which are sized for the 
Earth departure stage’s trans-lunar injection capability. 
Total landed dry mass is 10.1 tonnes, of which 7.5 ton- 


nes is payload for the base. Clever use can presumably 
be made of much of the non-payload mass, such as 
propellant tankage, batteries, and other equipment, but 
this is not yet factored into base design. There will be 
at least 0.5 tonnes of unburned propellant which could 
be scavenged from each Autolander. 

To attain the required thrust:weight ratio, throt- 
tleability, and improved performance, each Autolander 
employs two XLR-132 engines for midcourse, lunar 
orbit insertion, and descent orbit insertion maneuvers. 
For powered descent, these engines are accompanied 
by a single lunar module descent engine. Slightly 
under half of total maneuver velocity is executed with 
the higher specific impulse XLR-132’s, with the rest by 
the descent engine. This approach optimizes vehicle 
performance with existing engines. 

Putting the lunar module descent engine back into 
production may or may not be practical, but the tooling 
is said to be stored by TRW, the engine manufacturer 
[9]. There could be considerable difficulty obtaining 
critical valves from subcontractors, some whom may no 
longer be in business. Nearly all of the original en- 
gineering and shop talent is dispersed, so either 
redevelopment or a derivative from non-throttleable 
engines now in production might be more practical. 
Similar uncertainty surrounds possible production of 
other Apollo-derived equipment described here, such 
as the command module. 

In keeping with the design philosophy, storable 
propellants and Apollo inheritance were chosen for the 
Autolanders. If a modest departure were taken from 
this philosophy, a substantial performance improve- 
ment could be realized, reducing the number of 
Autolanders from four to three, and the number of 
Earth departure stages and heavy lift vehicles from five 
to four. One uprated Pratt & Whitney RL-10 engine 
has the thrust required for the Autolander. Using 
LOX/LHz2, its performance is significantly higher than 
that of “storable” propellants. The engine can be 
operated up to 89 kN (20,000 Ibs) thrust, and has been 
throttled over a 10:1 range [10]. With a better insu- 
lated hydrogen tank, the fuel could be kept cold for the 
four days required from launch through landing, giving 
the Autolander a 10 tonne payload, or one-third 
greater than the selected Autolander concept with 
storable propellants. 

A more ambitious concept proposed in the 1984 
Johnson Space Center Lunar Surface Return Study 
calls for expendable landers capable of placing 17.5 
tonnes (38,600 lbs) of useful payload on the lunar sur- 
face. Two such landings would be sufficient to deliver 
all the polar base elements discussed, including the 
crew and ascent stage. 


Crew Selection and Base Activities 


The single overriding objective of the proposed 
polar base is to successfully live on the Moon for a 
year. Productivity is of secondary importance, because 
it is felt that the harsh environment will tax the crew 
and system resources. During their stay, the crew can 
extensively explore the local area and perform limited 
scientific and technological experiments. 


Given appropriate training and interests, the crew 
can remain “productively entertained” for a year near 
the pole. By analogy, an accountant might become 
seriously depressed if confined to a desolate region of 
mountainous terrain on Earth for a year, while a 
geologist might go to great lengths to secure the oppor- 
tunity to explore and map virgin territory. Much of the 
crew’s waking time will be spent in “subsistence” ac- 
tivities such as maintaining equipment, preparing 
meals, housekeeping, exercising, etc. More interesting 
activities such as base construction will occupy more 
time. What time remains will be available for explora- 
tion, setting up and performing experiments and “just 
taking it all in.” 

For such a long stay, the crew must have the sort 
of autonomy enjoyed by terrestrial explorers. Priorities 
set on Earth with endless timelines and requests for 
“one more sample” will not succeed. Crewmembers 
will have their own desires, objectives, and pet 
projects, and must also function as a cohesive team to 
ensure survival. “Mission control” in the traditional 
space mission sense will not work. Instead, a very few 
engineers, technicians, and personal assistants on the 
ground will need to function at the service of the crew. 

The most successful terrestrial expeditions have 
had a single leader respected by a crew of his or her 
own choosing. Morale is exceedingly important and 
has been a critical factor on both polar and space mis- 
sions of long duration. In this regard, many polar ex- 
pedition leaders feel a good cook is the most important 
crewmember! 

Two pilots thoroughly familiar with the vehicles 
will be required to fly the command service module 
and crew lander. A physician/dentist is another must, 
while the other two members might be accomplished in 
the science and technology related to the base. All 
crewmembers should probably have specific system 
responsibilities, though this is a matter of organization 
best left to the leader. 


Conclusions 

The lunar polar expedition described here ranks 
among the more modest lunar base concepts currently 
being discussed in terms of transportation require- 
ments, life support and power system design, yet it 


would yield major advances in our knowledge of how 
to live and work on the Moon. 


Whether this is a first mission or an adjunct to a 
major national or international program it offers a 
threshold achievement by visiting a uniquely interesting 
region of the Moon and testing long-term habitation 
techniques. It can create a nucleus of expanding 
human presence beyond Earth. 


A successfully established polar camp can be aug- 
mented dramatically with each additional landing, ex- 
ploring new capabilities in lunar research, astronomy, 
industry, bio-medicine and life support. Once operat- 
ing, a solar power system can be enlarged and ex- 
tended to serve other nearby regions. It could serve as 
a starting point for a comprehensive power distribution 
grid reaching southward toward the equator. 


Polar cold traps serving as heat sinks provide a 
good starting point for a lunar cyrogenics industry. In- 
deed, initial base expansion can contribute to virtually 
every aspect of lunar development: surface transport 
systems, closed-loop life support systems and produc- 
tion of food, production of oxygen, ceramics, and me- 
tals, bio-science, astronomy and architectural systems. 


Earth’s Moon has been called a “seventh con- 
tinent,” a sister planet, a “stepping stone to the stars.” 
It is all of these. Learning to live and work on the 
Moon, our nearest celestial neighbor, will provide in- 
valuable knowledge, resources, and experience for 
bolder missions into deep space. 
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